Background/Aims: Embryonic developmental studies under microgravity conditions in space are very limited. To study the effects of altered gravity on the embryonic development processes we established an in vitro methodology allowing differentiation of mouse embryonic stem cells (mESCs) under simulated microgravity within a fast-rotating clinostat (clinorotation) and capture of microarray-based gene signatures. Methods: The differentiating mESCs were cultured in a 2D pipette clinostat. The microarray and bioinformatics tools were used to capture genes that are deregulated by simulated microgravity and their impact on developmental biological processes. Results: The data analysis demonstrated that differentiation of mESCs in pipettes for 3 days resultet to early germ layer differentiation and then to the different somatic cell types after further 7 days of differentiation in the Petri processes like cytoskeleton related 19 genes were modulated. Notably, simulated microgravity deregulated genes Cyr61, Thbs1, Parva, Dhrs3, Jun, Tpm1, Fzd2 and Dll1 are involved in heart morphogenesis as an acute response on day 3. If the stem cells were further cultivated under normal gravity conditions (1 g genes such as Tnnt2, Rbp4, Tnni1, Csrp3, Nppb and Mybpc3 on day 10 was inhibited. This correlated well with a decreasing beating activity of the 10-days old embryoid bodies (EBs). Finally, we captured Gadd45g, Jun, Thbs1, Cyr61and Dll1 genes whose expressions were modulated by simulated microgravity and by real microgravity in various reported studies. Simulated microgravity also deregulated genes belonging to the MAP kinase and focal
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Introduction
Life on Earth has developed under the constant force of gravity. In a more general embryonic development under space-conditions [1] . The embryonic development in space is profoundly hampered and this has been attributed to the effect of radiation and microgravity which have been conducted in space so far, showed that the different space conditions played a crucial role in developmental abnormalities in the various species.
Experiments on the amphibian Pleurodeles waltl in developing embryos [3] along with the hampered cortical cytoplasm movements, a decrease of cell adhesion and a loss of cells [4] . The space studies on rats at different stages of pregnancy also revealed developmental neuronal defects [5, 6] , whereas fertilized mice . Horneck discussed that microgravity alone played a role in developmental problems in Drosophila melanogaster are rare and results demonstrated that space conditions have adverse effects on mammalian embryonic development.
However, embryonic developmental studies under space conditions are very limited Moreover, till now experiments have been performed with animal species which very often do not represent optimally the human situation. Therefore, various challenges to study the effects of microgravity on embryonic development forced the development of groundbased facilities and other in vitro cellular models which are more relevant for the in human situation.
These technologies allowed monitoring of developmental defects as well as effect on signal use for our studies the principle of clinorotation for simulation of microgravity that means fast rotation of a sample around one axis perpendicular to the direction of the gravity vector resulting in neutralization of sedimentation. By using this method for cell culture similar results as in real microgravity in space have been obtained as shown for the oxidative burst in vivo embryonic development [14] [15] [16] . Applying extensive transcriptome studies we have recently demonstrated that day 3 respectively. More recently, we have developed the so-called "pipette-based" methodology time, to identify early and late biological processes as well as signal transduction pathways differentiated by the pipette-method for 3 days under normal 1 g clinostat exposure. In another series of experiments, the 3-days old 1 g EBs and the 3-days old clinorotated EBs were further differentiated under normal 1 g conditions for 7 days.
whole genome microarray analysis has been performed. In parallel cell cycle progression was studied with respect to the proliferative behaviour of the simulated microgravity deregulated genes were belonging to the cytoskeleton and anatomical structure development process. The two signal transduction pathways (MAP kinase and focal 
Materials and Methods
Microarray experimental details
Quantitative real-time-polymerase chain reaction analysis Table 1. were plotted as a fold change relative to respective control. The nucleotide provided in Table 1 .
Statistical Analysis analyzed using
Bonferroni post hoc test were used to determine the level of statistical differences in morphological parameters and in the number of beating EBs between 1 g and simulated microgravity
Results
Microscopic observations and morphological data analysis
The microscopic observations revealed that the morphology of the EBs formed under round morphology of control EBs formed at static 1 g continued cultivation at 1 g for 7 additional days, clinorotated EBs readapted to 1 g conditions were differentiated in 1 mL pipettes at 1 g (1 g day 3, group g for 3 days and then transferred on Petri dishes at 1 g for further 7 days and designated names 1 g day3, 1 g day7 g day 3, 1 g day7 -collected for microarray analysis on -ogy generated from day 10 sample details : μg day 3, 1 g day 7 & 1g day 3, 1 g day 7
Cell Physiol Biochem 2016;38:1483-1499 and developed a normal round morphology. However, as shown in Fig. 1Biii a fraction of EBs had a bigger size than the other fraction in the same group which had a similar and microgravity for 3 days which shows less circularity as compared to the EBs cultivated at 1 g area of the EBs cultivated under simulated microgravity for 3 days as compared to the EBs cultivated at 1 g The results are represented as heatmap with each column representing one transcript, and the color regulated and down-regulated probe sets were represented with various comparisons. These results suggest that cell fate commitment to the cardiac lineage has been hampered by 3 day exposure to the simulated microgravity and need to be further explored with different approach.
Gene regulatory network based on biological functions in luenced by simulated microgravity on day 3 of mESCs differentiation
To explore whether 3 days of simulated microgravity exposure during differentiation altered the cardiac cell fate commitment, another bioinformatics tool approach was followed. The list of simulated microgravity de-regulated genes on day 3 was uploaded on network was obtained based on genes co-expression related with the biological functions processes "regulation of cell adhesion", "actin binding" and "actomyosin". The genes involved in these processes, Cyr61, Itgb1, Thbs1, Prkd2, Flna, Flnb, Myl9, Tpm1, Cnn1, Acta1, Parva are process heart morphogenesis were also captured. Amongst the genes the only up-regulated gene was Dll1 whereas Thbs1, Parva, Jun, Cyr61, Dhrs3, Tpm1 and Fzd2 were down-regulated. Interestingly, few genes belonging to "cell adhesion", "actin binding" and "actomyosin" categories are also involved in the process of heart morphogenesis.
Discussion
The development of life beyond the planet was always the focus of space biologists and so far a few in vivo and in vitro studies have been conducted in space to evaluate the reproduction potentials. It has been reported that the embryonic development of mice in space was not successful to date. In this context, no two cell embryos development has been observed in the n vitro fertilization studies conducted under simulated adverse effect on fertilization. Authors concluded that simulated microgravity induced an lethality may be attributed to the different factors such as disturbance of cell polarity and spatiotemporal regulation of gene expression involved in cell fate determination during pre and post implantation embryonic development. The disturbed gene expression pattern of genes such as Pou5f1 the absence of Taube nuss (Tbn g monitor various early differentiation processes typically for all three germ layer lineages and their cell derivatives like skin, brain, sensory organ, lung, liver has been validated as a parameter in in vitro embryo-toxicity assay to predict embryomodulating The deregulated genes between simulated microgravity exposed and 1 g control in vitro studies on cells indicated day 3 of differentiation cytoskeletal genes predominantly are targeted by altered gravity. However, the role of the be elucidated. the expression of 7 genes and up-regulated 1 gene suggesting disturbance of cell fate commitment towards cardiac lineage at early differentiation processes occurring at day 3 of the 3 days old EBs had been exposed to clinorotation followed by a further differentiation at 1 g g control conditions. g control EBs, differentiation of the 3-days old simulated microgravity EBs for further 7 days resulted in an inhibition of Tnnt2, Rbp4, Tnni1, Csrp3, Nppb and Mybpc3 Among the interesting simulated microgravity down-regulated genes we found Podxl, Jun, Cyr61, Flnb, Tpm1, and Thbs1 which are reported to be crucial for the mouse embryonic development. In this context, Podocalyxin (Podxl involved in blockage of cell adhesion during the embryonic development and Podxl knockout Jun Cyr61 promotes cell adhesion, migration and proliferation of cells. Cyr61 knockout was lethal to our study we found this gene down-regulated by simulated microgravity, in contrast, Allen
Cyr61 is up-regulated in mouse muscle cells during 11 days of migration of cells at appropriate anatomical position during embryonic development, out Flnb Flnb knockout mice were either prenatally lethal or born with severe skeletal malformation and genes, out of four Tropomyocin alpha (Tpm1 which is in line with the observation that Tpm1 was found down-regulated in gastrocnemius
Tpm1 homozygous knockout was reported to be prenatal lethal to the mice [39] . Among the interesting genes regulated by gravity we also found Gadd45g, Dll1, Gpx6, Spink10, Ddit3, Ipmk, and Dpp7 which were up-regulated by simulated microgravity. It has been Gadd45g
Gadd45g is suggested to be involved in regulation of the methylation status of promoter regions [43] . Thrombospondin 1 (Thbs1 matrix glycoprotein and found to be down-regulated by simulated microgravity. Pardo et al. [44] , reported an up-regulated expression in mouse preosteoblasts during 3 day exposure vs vs.
Jun (down-regulated by Dll1
and other somatic cells related genes [45] . The most of the microgravity deregulated genes using genome wide gene expression microarrays. The reasons can be attributed to different experimental variables e.g., 15 days exposure to real microgravity [45] vs 3 days exposure to the simulated microgravity and 7 days at 1 g, or furthermore variations in culturing processes affected by altered gravity conditions. Interestingly, genes deregulated by simulated microgravity are relevant for the in vivo situation as has been demonstrated by several mice knockout experiments.
Besides the different gene expression pattern under simulated microgravity, we found also morphological changes in the EBs size and shape observed by clinorotation as compared to 1 g control EBs. The number of total EBs formed under clinorotation was less than 1 g g and simulated microgravity showed clinorotation [46] . Taken together, from a technical perspective, contradictory results from our study in comparison with others can be attributed to the different study designs in terms of different microgravity simulation and cell culturing technologies (for reviews see Herranz et al. [47] and Brungs et al.
In conclusion, the most prominent biological process affected by simulated microgravity real microgravity in space. 
